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ANTIBIOTICS IN RADiATIOL SICKNESS

Antibiotiki fantibiotics’, . 1. B. Beylin

o e
No 6 (50), 1535, MOSTOW,

pages 39-50

{ (Thais report is base. on data froc foreign periodicals)

Advances in nuclear physics and use of atomic energy for peaceful
purposes provide humanity with poundless possibilities. Radicactive
isotopes and radiations are currently utilized on a steadily increasing
acale in science and engineering. Single magsive radiations which may
arise under wartime or accidental conditious as vell as repeated and
sometimes chronic exposures to small dosages of radiations can some-
times induce cases of radiation sickness,

These circumstances urgently dictate the necessity of thorough
studies of the clinics of radiation sickness and as we will see herein-
after the determination of the role of antibiotics in the course and
outcome of the disorder.

In the etiopathogenesis of radiation sickness it is necessary to
take into account a number of factors which determine the clinical pic-
ture. First, the dosage and nature of radioactive radiation; second, the
biological reaction of the macroorganism to the radiation; third, the
occurrence of endogenic autoinfection or exogenic infestation and infec-
tion course under conditions of drastically altered immunity reactions.

In view of the fact that certain salts of heavy metals, either
radioactive or not, are often pharmacologically active as such and can
induce a number of toxic symptoms we will omit in the description given
hereinafter, the symptoms of the toxic action of these substances and
consider onliy tiiose injuries which sre caused by ionizing action of
radiations. As a result of ithe action of such radiations most serious
motabolic disorders take place in the orgsnism due to destruation of
the initially affected cells, intoxication of the organism by products
of their disintegration and the pathological reactions of individual
tissue systems and the entire organism ~s a whole.

The review paper by Ord and Stocken (1) contains reports of pro-~
found biochemical shifts in the metabolism under the influence of
X-rays. These authors subdivide the disorders induced in man as 8 -
sult of a direct irradiation in 3 periods: the first period is the
initial stage of tho disorder the duration of which is of about 48
hours; the second is the latent period when the person feels well
during 6-7 days, and finally the third is the acute period. The first
period iz of esrly syentomatics. the result of autointoxication by
ph.r-ncologicnlly active substances, emitted from the cells pramsriiy
damaged by irrsdiation. The patient exhibits general malaise, with
higher dosages & dazed condition, Functiomal disturbances character-
istic of this period subside as the pathological disintegration
products are being eliminsted from the organism..By & nuaber of ex-
periments it has been ascertained that considerable disruptions
occur in the metabolism of nucleic acids, glycogen etc. However
these disruntions subside rapidly and during thn second period the
condition o the patients and also that of .= saperissnial anizmsls
is satisfactory, slthough the biochemical shifts do not fully revert
to normal and some disruptions of the metabolism persist. puring the
third, the scute period of the sickness there are noted still mare
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serious metabolic disturbances. Nitrogeam balance becowes negative, enzy-
matic activily is upset, consumption of oxygen is incroased, a dissoci-
ation is noted of oxidation and phosphorylation processes, inactivation
o anaholic processes dimrantion of the nermeability of cellular mem-
branes; occurrence takes place of edemata, ulcerations, sharp disturb-

ances in hematopoiesis, digestion, disruptions of regeneration and
growth of tiegsues.

Smitn (2) clussifies sympilomatics of radiation 5iCKness in man ac-~-
cording to the following syndromes: (1) Damage of skin (and mucosal)
integuments; (2) general effect of irradiation and its action on blocud
snd hematopoietic organs; (3) malignant effects; (4) damage to the eyes
(cataracts); (5) disruption of genital functions; (6) lowered work
capacity; (7) genetic sequelae of irradiation.

A number of investigators (3,4) have described the clinical picture
of the sickness following exposure to median lethal dosages of ionizing
radiation on total irradiation with X-rays and Y-rays and also on expos-
ure to lethal dosages and safe dosages.

On analyzing the experimental data of iudividual investigators and
the consequences of atomic explosions at Hiroshima and Nagasaki these
anthors (3,4) consider that the average dosage that induces radiation
sickness is 400-500 r. In their opinion a dosage of 1000 r (some consi-
der it to be 800r) is absolutely lethal. On chronic irradiation a safe
dossge is of 0.5r over a week. On exposure of man to 500 i blood and
hematopoietic organs are first affected. Leukopenia occurs already on
the second day, beginning with the second week hemorrhagic symptoms
are noted, aplastic anemia develops during the 2-3rd month. In fatal
cases there is observed penetration of erythrocytes into lymphatic
ganglia and sinuses, erythrophagocytosis, trombopenia, iacreased per-~

. wmeability of the vessels, edemata,

1n the intestines damasge is noted to the crypt, ulceration of the
intestines, hemorrhages (2 weeks after irradiation); the patients are
nausesated and vomit. These symptoms are regarded by some invesatigators
as # direct reaction of the intestines to the irradiation while others
interpret them as a reaction of the patient to autoinfection with
intestinal and other flora. There are frequently observed transitory
changes in the sex glands, depilation, trophic changes and ulceration
of the skin and mucosa, sometimes cataracts of the lens. All these
symptoms occur in conjunction with malaise, general weakness, loss
of weight and apathy. The nervous system, in particular the central
nervous system is resistant to radiation but at nigh dosages which
cause damage to the brain with disruption of circulation death may
ocour rapidly. (The recent investigations of Soviet scientists have
ascertained a considerable sensitivity cf the central nervous system
and! the interorecentor apparatus to the action of ioniziug radiations-
Author's note).

Brown (3) having observed 50 patients subjected to roentgenotherapy
«nd taking in account the consequences of the atomic explosion in Japanm,
divides the radiation sickness in 4 periods: (1) period of the initial
reaction setting in following a brief latent period; (2) period of
acute reaction; (3) period of subacute resction; (4) period of chronic
resaction. Symptomatics of the disorder are similar to the above des-
cribed.

As had been pointed out the course of radiation sicknoss is very
often complicated by infecticus diseases which render tho prognosis

s
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. less favorable and not infrequently constitute the cause of death. In
seeking means for preventing and treating infectious diseases in per-
sons afflicted by radiaiions a number of investigators have studied
the influence of radiations on the microflora and the defensive me-

- chanizme of sxperimental animels (8-12) .Yt haes haen found that {2
radistion of the animdl induces a sharp lowaring of its defensive
capabilities. In connection therewith the microflora present within
the organism and introduced thereinto from outside, including dlso
the pathogenic, begins to undergo intensive proliferation as a result
of which toxemia and infection disorder set in. Gravity of the dis-
order and changes in the microflora are as a rule in a direct corre-
lation with the irradiation dosage. To determine the influence and
role of antibiotics in the treatment of these infections mice, chicks,
rabbits, dogs and other animals, were used,

. Bennison and Coatney (€) inoculated chicks with Pl. gallinaceus and

» Pl. luphurae. On the day of the inoculation or on the next day a portion
of the birds were irradiated with a dosage of 400 r, and thereafter at
definite intervals of time, determinstions were made of the amount of
parasites present in the blood. In the irradiated chicks the number of
parasites in the blood was considerably higher than in the controls. The
same relationship was retained on treatment of both groups of chicks with
quinine.

Gonshery and Marstcon (7) investigated the blood of mice follow-
ing their irradiation with different dosages of X-rays. The data of
these irvestigations are shown in table 1.

TABLE 1

Cultures of Microbes Found in the Blood of Mice Following
their Irradiation with X-rays

X-ray Percent
dosage of mice Bacil- Bacil- Alpha- Bacil- Proteus Staphy- Other
r that lus pyo- lus strep- lus lococcus Microbes
died cyaneus coli tococ~ para-
cus coli

1400 100 4 51 4 14 1
1100 100 27 54 (&) 8
800 100 31 31 16 18
700 1nn 24 24 2 ”
615 88 31 22 21 12
530 48 29 27 25 5

NN VN
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The principal causative agents of lethal infectious were the colon
bacillus, proteus and O(- streptococcus. Almost in all the mice which
died durtnc 6-9 days microbes were found in the blood, whereas during
the {irdi inree days oi sici 3 microk were rareiy iound in the
blood. Thus in the irradiated animals septicemis progressed st a rapid
rate. This is well illustrated by the experiments of Congdon and Willi-
ams (12), who irradiated 2 groups of mice with a dosage of 900 r. §
mice were killed and dissected every day. Study of the internal organs
‘showed that on the third day after irradiation pathogenic microbes were
found only in the saall intestimes, on the fourth day in the brain,
small intestines, spleen, liver, lungs and bone marrow, and on the

242¢h daw in al) the orssne On denvessa ~f ¢tha ﬁ".:‘.g‘.‘ ta K&N = han-
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teriemia usually occurx.d on the seventh day. Gordoa and NMtller (13)
have studied the influence of somatropic hormones on the survival of
mice. Of the 45 mice irradiasted with 580 r (distamce 15 ca, rate 30 r/
min) 38 died. From the dead mice were isolated 39 cultures: 1l cultures
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of proteus, 15 -~ colon bacililus, 1 - acrobact. aerogenes, 3-enterococci,
8 - Paracoli, and 1 = p - hemolytic streptococcus.

Thus in the irradiatecd animals there often arises endogenic and exo-
genic infection which leads rapidly to death as a result of a sharp lower-
ing of the resistance of the macroorganism.

It is quite natural that control of the infection complications is
one. cof the mest important parte of the compesite treatment of radiatien
sickness. In addition to & number of medical remedies use is made of
chemicotherapeutic preparations and antibiotics. In so doing it is neces-
sary to adhere to a fundamental principle, namely to check the sensitivity
of the microbe to the antibiotic utilized. It is possible that due to de-
pressior of the defensive capabilities of the organism it will be neces-
sary to increase the dose of antibiotic or to use a combination of syner-
gistically acting antibiotics and chemical preparations. It is necessary
not only to take into account the antibacterial range of the antibiotic
but also the individual sensitivity of the causative agent to this
antibiotic. The widest use in the treatment of infections of the irradia-
ted have found the folliowing antibiotics: penicillin, streptomycin, and
also antibiotics of a wide range of action (aureomycin, terramycin,
chloramphenicol). These antibiotics taken singly and in combination at
most diversified doses have been tested in the treatment and prophylaxis
of infections. These tests were conducted on different models, at dif-
ferent time intervals and following different dosages of irradiation.

It has been found that the efficacy of different antibiotics is not
the same. Below are described the results of the tests of different
antibiotics.

Pericillin

The use of penicillin in the treatment of radiation sickness compli-
cated by infection was found to be effective (14). Mice were irradiated
with 450 r and infected thereafter with 100 LDg, offaemolytic strepto-
coccus. Admiristration 24 hours after inoculation of €60-200 units of
benzyl penicillin lowered the dsath rate of the animals: in the group
of the treated animals the mortality was 65% and in the untreated group
it was 100%. Table 2 shows the results of the treatment of complications
of radiation sickness with penicillin,.

TABLE 2
Penicillin Treatment of Complications of Radiation Sickness

Experi-~- X~ray ir-

mental radiation Penicillin Treatment Survived as Literature

animals dosage a result of Reference
r treatment, %

Mice 450 Beginning 24 hours after inocu- L - 36 (14)

lation 60-200 units administered K - O
daily for 3 days

Rats 550 3000 units bensylpenicillin + 1000 L - 53 (15)
units of penicillin K dsily, during XK - 20
21 days
Rats 550~ 15-30 mg/100 g for 20 days L ~ 67 (186)
625 & - 10

Conventional symbols: L - treated, K - controls.
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) Maisin, Mandart et al., (15) irradisted rats with 5006-600 r and
treated them thereafter during 21 days by a daily administration of 3000
units of benzyl penicillin and 1000 u:its of penicillin K. Administration
of penicillin reduced the mortality in rsts from 80 to 47%, but the re-
sulis we=e¢ not as good as in ths trsatment with strentosyein, vhen only

35% of the animals died.

¥
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i
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Smith et al., {16) irradiated rats with different dosages of X-
rays (550-625 r); a portion of the animals was treated with penicillin
for 20 days (15-30 mg/100 ¢ dsily). while 100% of the control animals
died, 67% of the treated survived, Penicillin trestment reduced the
frequencv of disrrhea occurrence in rats (63% in the treated with peni-
cillin as compared with 71% among the control rats). Thus penicillin
is an effective remedy for the treatment of the complications of radi-
ation sickness, but as will be shown hereinafter, it is inferior in
therapeutic sction to streptomycin and some other antibiotics.

Stmptgﬂcin

Numerous data are available which show that streptomycin is highly
active sgainst the complications of radiation sickness, especially in
the treatment of diarrhea. Simmative data shown in table 3, provide
a confirmation thereof. Efficacy of streptomycin in the treatwent of
radirz.cion sickness is revealed even aore clesrly in the work of Gons-
hery and Marston (17}.

TABLE 3

Streptomycin Treatmer.® of Complications of Radiation Sickness

Experimental X-ray ir- Streptomycin Treatment Rosult of Li terature
Animals radiation treatment reoference
dosage r.
Mice 475 Beginning & hours aiiter Sood £1723
irradiation 1.25-5.0 mg
daily for 3-8 days
Mice Subcutaneously, 250-300 Survival (18)
ng/kg daily increased by
43-65%
Rats 600 6 mg daily for 21 days Survival 635% (185)
) (in controls
20%)
Mice 450 7000 daily for 24 days Survival 70% (8)
(in controls
23%)
Mice 450 6000 daily for 34 days Survival 84% (8)
. (in controls
19%)
NMice 600 4-7 mg daily for 10-25 Survival 20- (16)
days SO0% (in con-~
trols 5G%)

:
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Rats 550,725 7 mg daily for 10-25 days Survival 45% (in  (16)
controls O)
Mice 550-625 5 mg daily for 25 days survival 33% (in (¢p)
controls 20%)
Mice 475 1.25 mg 5 minutes after Survival 47% (in (19)
infection controls 8%)
Mice 550 6 mg daily for 20 days Survival 52% (in (137)

contrcls 15%)

They treated a portion of the irradisted mice (550-625r) with streptomycin
(5 mg daily from the 3rd to the 20th day following irradiation) and studied
thereafter the microflora. The results of the trestment are shown in table

4,
TABLE 4
Streptomycin Treatment of X-ray Irrediated Mice
u
L)
)
[ - | -t
Lo ) —
- Q
o a O
.5 Q (3 -] g a t l°
3 > > =& 3 @ o -
b i -4 -y O -t = « m ]
23 S 05 2y 3 2 ¢3 €3 &
53 % § ¥ gE % ¢ g 28 %
Animal 23 3 2 & B& & & ®wmo wmo O
group
Control 446 363 156 207 335 48 35 44 19 26
Treated 446 300 213 87 31 11 (] 9 7 23

Miller and Hammond (8) subjected to X-ray irradiation (450r, 20 Kv,
15 mA, distance 67 cm) mice in which the Dlgg had previously been deter-
mined as being 400 r. From the fourth to the twenty-eighth day following
irradiation they administered to the mice, subcutanecusly, 6-7 mg of
streptomycin daily. After 30 days 77-81% of the controls died, while among
the treated mice given 6 mg daily 16% died, and of those given 7 mg deily,
30% died.

Marston and Gonshery (17) irradisted mice with 250 and 475 r and
thereafter 8 portion of the amimalis was inoculated with staphylococcus
sureus, proteus, paraccli and coli bacilla, O(-streptococcus and bacillus
pyocyaneus. 8ix hours arter inocuistion sdmimistiiatica o2 strspicsysin
to the animals was started (from 1.23 to 8 =g deily for 3-8 days). Ino-
culation of the mice after irradiatioa caused & sharp incresse of their
mortality, streptomy~in therapy was found to be effective in the treat-
msnt of infection induced by stephylococcus Sureas, paracoli and coli
bacills and protems, dut was not effective im cases imoculated with
bacillus pyocyansus. Use of streptomycim at & dosage of 1.35 mg daily
for 3 days was foumd tOo be just as effective as an administration twice
deiiy oi 5.5 or & m§. BATisasy 2 stosptomyein at low treadiatica do-

sages (250r) was grester tham at higher (478r).

Smith et aly (16) om comparimg the sctiom of streptomycin, peami-
cililin and & in, wsed singly and in combimation have found that the
5 : ‘

*
é@

o,
4 &
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best results are obtained with streptomycin. On administration of strepto-
mycin during 6 days, 7 mg daily, 45% of the animals survived {diarrhea
was observed in 33% of the anim2ls); in the control group 100% of the
animals died, and of these 67% had diarrhea.

Marston and Ruth (.3) after irradisting mice with 475 r (distance
50 cm) inoculated them with proteus and after 5 days started the strepto-
mycin treatment, with 1.25 mg daily. Of the 19 imoculated not irradiated
mice 2 aitea (iU%) while 0 the inoculated and irradiaced 90-i00% died.
Streptomycin therapy applied to mice inoculated 7-10 days =after irradia-
tion was more effective than in those inoculated after 5 days. To enhance R
the resistsnce of the organism scme mice were given prior to inoculation §
an injection of a hom.genate of the spleen of irradiated snimals into the
caudal vein, This resulted in an increase of the effectiveness of strepto-
mycin treatment and the survival rate was iucreased to 47% (8% in the
controls). All this also indicates that streptomycin therapy depends
uvpon the defensive capabilities of the organism.

Gordon and Miller (13) investigated the influence of momatotropic
hormone and streptomycin on mice subjected to irradiation, Mice weighing
20-25% g were divided in groups of 20 mice each and irradiesied at a dis-
tance of 51 cm with 30r/min {total dosage 550 r). Eighty-five mice were
given the somatotropic hormone (0.6 daily) and streptomycin (6 mg daily),
45 mice were given only the hormone, 106 only streptomycin, and 45 mice
served as controls. Duration of the treatment was of 20 days. Remults of
the treatment are shown in Table 5.

TABLE 5

Results of the Treatment of Complications of Radiation
Sickners with Somatotronic Hormone and Streptomycin

Index Somatotropic Somatotropic Control
Lormons and Streptemycin Hicrmcns
Streptomycin
Number of mice 81 106 45 45
Died 64 52 43 38
Cultures tested 43 27 43 38
Positive cultures 12 S5 34 38

Isolated microbes (number
of cultures):
Protens - - 1
B. coli
Alc. faecalis
A. aerogenes
Salmonellae
Enterococcus
B. Paracoll
-Hemolytic streptococcus

'
[ RN

- 10

" L
NW O
[ )
-

L - -]

The somatotropic hormone was found to be ineffective. Its use with
streptomycin did not reduce the wmertality but preveanted loss of weight.

Thus in the treatment of the complicatioas of radiation sickness

) streptomycin was found to he an effective sntibiotic superior to that of
penicillin. While increasing the survival rate of irradisted animals,
including those which were iafected by inoculatioa. Streptomycia =oatri-
butes to the prevention of one of the most refractory v ymptoms of radia-
tior sickness, mamely of diarrhea, and ia combinatiomn with the somatotropic

-7 -
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hormone it prevents loss of weight. In individual instances the effect was
variable and slight.

.Antibtotic- of Wide Antibacterial Range

Iin view of the diversity of the bacterisl flora, consisting of gram-
positive and gram-~negstive bacteria, usually found in irradisted snimals,
the use vl wids ro=ge emtibiotics (aurenmycin, chlorasphanicol and terra-
mycin) has attracted the attention of a nusber of investigators. The re-~
sults of these researches are showa in table 6.

Miller and Hammond (8) on compsaring the action of chlorawphenicol,
streptomycin and sureomycin, have found that chloramphenicol is & very
effective agent. On trsatment with chlorasphenicol, after 30 desys only
36% of mice died (30% on using streptomycin therapy) after being irradia-
ted with 450 r, while the rate in the controls was of 60%. Treatmont with

sureomycin yislded veriable results snd its afficacy was clearly inade-
quate.

TABLE 6

Treatment of Complications of Radiation Sickness with wide Range Antibiotics

Experimental X-ray Treatment Results Literature
Animals dosage Reference
T
Rats 660 T per os 5 doses of 100 mg 48 Kortality (20)
(60 r/min) hrs before irradiation 48% K(72%)
Mice 450 A at 50-250 7 daily for 3 days Little effect (14)
Rats 860 T 0.2-200 Y, 72-4 hrs before Mortality Q1)
irradiation 45-8
Rats 660 X, 100 mg/kg daily Mortality (18)
reduced by
24-25%
Rats 680 T subcutameously 25 mg/kg Same by 25% (18)
deily
Rats (11 A subcatasscucly %0 we/we Same by 30% (21)
daily
Dogs 450 A per ns 2 mg/kg for 28 days Same from 58 (22)
to 44%
Mice 430 X, 2 mg daily for 24 days same from 60
to 30% (8)
Rats 550-625 X, 5 mg daily for 7 days Same from 100
to S2-04% (168)
Rats 850-625 T, 20 mg daily for 10 days Same from 100
_ to 17T% Qe)
Rats 550-625 A 30 mg daily for 11 days Same from 100
) to 21% (18)
Dogs 560-625 T 100 mg/kg deily for 38 days Same from 92 '
to 350% (23)

CORVORtiOBal sywbuis: T-teTrasyeoin
mycin; E-uatreatsd controls

Gustavson and Koletsky (11) begianing 72 hours prior to and terminmat-
ing 4 hours before irradiation with 680 r treated rats with 0.3, 3.0, 20

and 300 7 terremycin. The results of the prophylaxis sre spparent from
Teble 7. s
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Dose of

Namber of Rats Percent of Rats Average survival

Antibiotic, Surviving after 30 days. that died in days
First Experiment

Control 5 75 8.7

0.2 ) 4 80 9.8

2 8 60 11.2

20 7 65 11.7

200 11 45 13.3
Second Experiment

Control 5 80 12.8

20 7 72 10.0

200 18 28 14.4

Effect of Different Doses of Terramycin on
the Mortality of Rets Irr.diated with 660 r

STAT

’rhus'only the large doses »f terramycin (about 2003) were found to
be effective,

All 3 antibiotics were effective in the experiments of Miller and
Hammond (18, 21) the mortality of the animals being reduced to 24-30%.

Gustavson and Koletsky (20) wishing to check the prophylactic action

cf terramycin divided 200 white rats weighing about 200 g in 2 groups

(of 100 animals each). Terramycin treatment was started 48 hours prior

to and terminated 1l-4 hours before irradiation. After irradiation no anti-
ictic was given. The irvestigation lasted 2cr 2C days. The total Arradic-
tion dosage was of 660 r (60 r/min) at a distance of 44.5 cm. Mortality
of the controls was of 72%, of the treated animals 48%. Average survival
time of the control animals was of 10.6 days that oZ the treated, 15 days.
Between the fourtih and the tweiith day, €.2% oi the control rats dieq,

and 2.6% of the treatel. C'arrhea was more savere among the trested rats
than among the controls, which is possibly due to & reaction to large
doses of terramycin. From the fifth day the treated rats gained more
weight than the controls. By the sixth to eighth day the weight of the
treasted animals was on the average 15 g above that of the controls. Af-
ter 12 days following irradiation the weight of the animals in both groups
reached the same level.

Furth and Coulter (22) have investigated the therapeutic action of
sureomycin in dogs. Twelve irradiated dogs (total dosage 450 r; 7.15 r/
J min) were treated over 28 days, with 25 ag/kg of the antibiotic every 6
hours; 12 other dogs served as controls. In the coutrol group 58% of the
dogs died, and 44% in the group of treated animals. The first control
Qug 2188 7T days sarlisr tham the 2isst tieated. Positise Lactsriscicgical
findings in the blood of the control animals smounted to 14.8% while
in the treated they amcunted ¢ 6.3%. Essentially staphylococci and
Lacteria coli were found im the cuiture tests. All the dogs that cied
showed Uik AUiLOPSy sympives Ol hesurrhagivai diainesis Wiih eairavasa-
tioms im the iungs, spleen, kidneys, lysphatic ganglis and gastro-
intestinal tract, but ia tde ccntrol animals these symptomas were more
proncwmead  The antharsz (23) used terrpmvein on 27 dogs of which 132
sarved as coatrola. Tha dowa ware irrasdiated with 480 v and tmmadiately
thereafter given every 6 hours for 28 days, 250 mg of terramycin each,
per os. in capsules (100 awx/kg daily). Betwsan the tenth and the twen~ °
tieth day dogs of both growps showed sommolence asd anorexia, mo dif-
forences were founi iam blood pathology. The first of the comtrol dogs
died on the eleventh day, snd the first of the treated on the fifteeanth

e o ¥ 3 e Ml Ul SR b i Lo ey Ja o A L A e e et G
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day. After 30 days 92% of the contrcl animals had died acd 50% of the
trosted. Study of the resistance to terramycin of the cultures isolated
from the dead dogs showed that in the control animals 30% of the cultures
were resistsnt to 257 /ml of terramycin while in the treated 69% of the
cultures wars rssistant.

Thus the antibiotic of a wide range of activity were found to be less
effective than streptomycin and penicillin. Terramycin was effective only
in largs doses (about 200) ). Of the wide range antibiotics chloramphenicol
was more effective than the other. .

The etiological diversity of infectious complications in radiation
sickness naturally led the investigators to an attempt of vtilizing a
combined application of antibioctics for the treatment of these complica-
tions. The results of scme experiments carried out by individual research-
ers nre shown in table 8.

0Of the various combinations of antibiotics penicillin with strepto-
mycin, polymyxin with neomycin and terramycin with penicillin were most
frequently utilized. However a combined use of antibiotics, as a rule, was
no more effective than the administration of the better one of the com-
bination. Streptomycin was founu t> be the most effective.

Table 8

Treatment of Infectious Complications of Radia-
tion Sickness with Combined Antibiotics

Experimental X-ray Treatment Results Literature
Animale dosage r. reference
Mice P + S 40000 units/kg daily Survival increased {18)

by 30-40%
Mice 45C P 10000 units + S 50001 Survival increased (8)
for 24 days from 34(K) to 75%

Rats 550~ S 20 mg/100 g + P 20 mg/ Same from O (K) to (16)
625 100 g for 14 days 29%

Rats 350~ Pol. 0.4 mg + N 1.25 mg Same from O to 24% (186)
625 for 21 days

Rats 550~ T 20 mg/100 g + P 20 ng/ Same from C to 20% (16)
625 100 g for 10 days

Mice 550 S 4+ ST Same from 15 to 21% (13)

Conventional symbols: P-penicillin; S-streptomycin; Pol-polymyxin;
T-terramycin; N-neomycin; ST-somatotropic hormone.

In studring the action of antibiotics in radiation sickness the latter
is usually induced by X-rays; it is necessary to determine the action of
sntihintice shen the Aiszorder iz izducsd 57 radicaciive radiation. Very
few researches have been published on this question. As a rule the picture
of radiation sickness and the effects of antibiotics on its complications
did not differ substantially from the course of the disease induced by

X-rays at sublsthal dcssgss.

Koletsky and Christi (24) administered intraperiicneally to 248 rats
(weighing 125 g) radiocactive phospherus (P32), The snimels wmsrs divided im
two grouns: comt=ol and experimental. The animalas aof the Isttaw groun ware
tretated twice a day with 12 mg of streptomycin and once & day vtth 20000
units of penicillin. Of the 124 treated rats 49 were given during 2-10
days antibiotics as a prophylaxis, while to the remaining 75 rats adainis-
tratios of antibdbiotics was started immediately after the imtrodu:tioam of
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p32 and the treatment was continued for 3 weeks. As is spparent from table
9, mor’ality of the treated rats was lower thar that of the controls: of the
124 controls 83 (67%) died, wh.le of the same number of treated animals
{(36%) died. The difference between mean duration of survivel of the controls
(15 days) and of treated animals (19 days) was not large, but the coctrol
animals started to die sooner. In the treated rats a lesser decrease in
weight was observed as well as fewer instances of diarrhea; they showed
better appetite and had fewer cases of hemorrhages than the controls. It

is assumed that death o0f the animals is caused by toxemia.

It should be noted that efficacy of the treatment is directly depen-
dent on the dose of radioisotope and toc a lesser extent on whether the
treatment is started prior to or immediately sfter the adminigtresicn of
the radioactive substance.

On analyzing the published communications concerning the use of snti-
biotics ir the clinic of radiation sickness it must be sdmitted that not-
withstanding the drastic changes ir the reactivity of the macroorganism
and the inhibition of some immunobiclogical mechanisms and also in spite
of the occurrence of a number of nutations of microbes, the antibiotics
are indispensable and necessary components of a compouite treatment of
radistion sickness,

TABLE 9

Penicillin and Streptomycin Treatment of Rate Injured by Radio-
active Phosphorus (P32)

Experiment Number p32 Treatment Percent of Rats that died
# of Dose after

Rats MC/g 10 15 2} 30

Days Days Days Days

1 30 3.0 Treatment [+ (] o 0
Control 0 20 27 a7

2 30 3.8 Treatment o ] 7 13
Control 7 20 33 47

3 29 3.5 5 Days Prior (4] o 14 14
Control o 36 43 67

4 30 5.5 Treatment o 27 47 47
Control 0o 53 67 67

5 30 5.0 Treatmsu: [+] 13 27 33
Control [+] 40 47 73

6 16 4.5 14 Days prior (4] () 50 S0
Control 0 38 38 75

7 30 6.0 Treatment o $3 53 60
Control 7 $3 80 80

13 23 2.5 3 days prior S is isd 33
Control 7 80 100 -

Because of the action not only on the microorganism but also on the macro-
CGiganism Oveir ihe nervous sysiem, use oi amiibiotius in radiation sickness
requires careful observations and checking of the dosage, sensitivity of
the microbe to the given antibiotic, and the sccount of toxic and allergic
reactions during the tregptment,

-1l -
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